
UPOLOGISTIKH FUSIKH

5h Om�da Problhm�twn 7 Maòou 20101

• PROBLHMATA ORIAKWN/QARAKTHRISTIKWN TIMWN

1. UpologÐste tic idiosuqnìthtec kai tic antÐstoiqec idiosunart seic
miac tetragwnik c membr�nhc paktwmènhc sta �kra thc. To prì-
blhma perigr�fetai apì thn exÐswsh

∇2U + λG(x, y)U = 0

H sun�rthsh G(x, y) sqetÐzetai me thn puknìthta thc membr�nhc.
Dokim�ste, diaforetikèc sunart seic puknìthtac pq puknìterh
kentrik  perioq    uyhlìterh puknìthta sta ìria ktlp.

2. Na brejoÔn oi 4 mikrìterec idiotimèc tou monodi�statou probl ma-
toc Schrödinger

− h̄2

2m

d2φ

dx2
+ V (x)φ = εφ

gia èna swm�tio pagideumèno se phg�di dunamikoÔ pou dÐnetai apì
th sqèsh:

V (x) =
h̄2

2m
α2λ(λ− 1)

(
1

2
− 1

cosh2(αx)

)

Upojèste ìti α = 1, λ = 4.

PARATHRHSH: Oi idiotimèc dÐnontai analutik� apì th sqèsh

εn =
h̄2

2m
α2

[
λ(λ− 1)

2
− (λ− 1− n)2

]

• ELLEIPTIKES DEMP

1. LÔste thn exÐswsh

∇2U + 4π2(x2 + y2)U = 4π cos[π(x2 + y2)]

1Epistrof  wc thn 31h Maðou
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sthn tetragwnik  perioq  pou orÐzetai wc : 0 ≤ x ≤ 0.5 kai
0 ≤ y ≤ 0.5 Me oriakèc sunj kec:

U(x, 0) = sin(πx2), U(x, 0.5) = sin[π(x2 + 0.25)]

U(0, y) = sin(πy2), U(0.5, y) = sin[π(y2 + 0.25)]

H analutik  lÔsh eÐnai: U = sin[π(x2 + y2)].

2. Poi� eÐnai h lÔsh tou eswterikoÔ probl matoc Dirichlet

urr +
1

r
ur +

1

r2
uθθ = 0 0 < r < 1

gia tic parak�tw sunoriakèc sunj kec:

(aþ) u(1, θ) = 1 + sin(θ) + 1
2
cos θ

(bþ) u(1, θ) = 2

(gþ) u(1, θ) = sin θ

(dþ) u(1, θ) = sin 3θ

Poi� eÐnai h morf  thc lÔshc (grafik�);

3. Poi� eÐnai h lÔsh tou eswterikoÔ probl matoc Dirichlet

urr +
1

r
ur +

1

r2
uθθ = 0 0 < r < 2

me sunoriak  sunj kh u(2, θ) = sin θ. Poi� eÐnai h morf  thc lÔshc
(grafik�);

4. Poi� ja  tan h lÔsh tou prohgoÔmenou probl matoc an �llaze h
oriak  sunj kh se u(2, θ) = sin(2θ) kai poi� eÐnai h morf  thc
lÔshc (grafik�);

• PARABOLIKES DEMP

1. Na gr�yete èna prìgramma pou na prosomoi�zei èna prìblhma di�-
doshc jermìthtac me b�sh thn analutik  lÔsh pou parousi�same
sth jewrÐa.

2. LÔste arijmhtik� thn exÐswsh jermìthtac, qrhsimopoi¸ntac �mesa
kai èmmesa sq mata

ut = uxx, 0 < x < 1, t > 0
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me oriakèc sunj kec u(0, t) = 0 = u(1, t) kai arqikèc u(x, 0) = x.

MporeÐte na epibebai¸sete kai analutik� ìti h lÔsh eÐnai

u = 2
∞∑

n=1

(−1)n sin nπx

nπ
e−n2π2t

3. LÔste arijmhtik� thn exÐswsh jermìthtac, qrhsimopoi¸ntac �mesa
kai èmmesa sq mata

ut = uxx + 1, 0 < x < 1, t > 0

me oriakèc sunj kec u(0, t) = 0 = u(1, t) kai arqikèc u(x, 0) = 0.

• UPERBOLIKES DEMP

1. Sth sunèqeia gr�yte èna prìgramma sth Mathematica pou na k�nei
prosomoÐwsh twn talant¸sewn mia paktwmènhc sta akra qord c.

2. Grayte èna programma sth Mathematica pou me b�sh thn parap�nw
diadikasÐa na k�nei prosomoÐwsh twn talant¸sewn thc membr�nhc.

3. EpilÔste arijmhtik� thn DEMP

utt = uxx, 0 < x < 1

A. Me oriakèc sunj kec u(0, t) = 0 = u(1, t) kai arqikèc u(x, 0) =
0, ut(x, 0) = 1.

B. Me oriakèc sunj kec u(0, t) = 0 = u(1, t) kai arqikèc u(x, 0) =
sin πx ut(x, 0) = 0

K�nte an�lush Fourier gia thn k�je mia perÐptwsh kai sqoli�ste
ta f�smata pou parathreÐte.

4. MporeÐte na lÔsete to parap�nw prìblhma me th mèjodo Lax-
Wendroff;

ODHGIES

• Na lÔsete toul�qiston 1 askhsh apì k�je enìthta + thn �skhsh gia
th membr�nh

• MporeÐte na sunergasteÐte all� an eÐste 2 ja prepei na lÔsete 2 pro-
bl mata apì k�je kathgorÐa kok
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